Objective: Blood cultures are essential for the diagnosis of bloodstream infections; however, they carry a risk of both low yield and culturing skin contaminants. The optimal culturing threshold which results in a high sensitivity of detecting bacteremia yet has a low contamination rate is not well defined. We sought to analyze the blood culture sampling practices, rates and results among patients admitted under internal medicine.
Background
Blood cultures have an important role in the diagnosis of serious bloodstream infections (BSI) [1] , which have an estimated mortality ranging from 14% to up to 50%, and are a major cause of morbidity and mortality worldwide [2] [3] [4] . Blood culture sampling is the most important diagnostic test for bloodstream infections, as it is the only tool that gives reliable information about the causative pathogen and its resistance profile [5] .
However, the practice of drawing blood cultures is affected by both the risk of culturing contaminants, and the fact that among adult patients with bacteremia, the yield of blood cultures may be low due to low concentration of organisms (less than 1 organism per mL of blood) even in the setting of severe sepsis [6, 7] . Studies in unselected hospitalized patients have shown that 7.5% to 12.4% of all results of blood culture sets are positive; of these, almost half are considered contaminants [4, 8] . The success of obtaining a positive culture is directly related to the volume of blood that is cultured [9] , therefore multiple blood cultures, each containing large volumes of blood, may be required to detect bacteremia [7] . Unfortunately, the Achilles heel of the practice of drawing blood cultures is the costliness and diagnostic uncertainty that results from contaminated or ambiguous blood cultures [6, 7, 10] .
In the 1950s Bennett described bacteremia as usually intermittent [6] , and it was this understanding of the transient nature of bacteremia that led to research in the 1970s on the number of blood cultures required to detect bacteremia. Washington demonstrated in cases of bacteremia, that 80% of cultures are detected as positive in the first set, and that detection increases to 89% with the second set, and to 99% with the 3 rd set [11] . Expanding on research by Washington, Weinstein and colleagues from the early 1980s shaped the modern clinical practice of drawing blood cultures by finding that 99.6% of bacteremias were detected by at least 1 of the first 3 blood cultures taken [4] . Similarly, Cockerill found that while 2 blood cultures detected only 80% of bloodstream infections, 3 blood cultures detected 96% of episodes [12] . Further research by Weinstein and Reller found that 2 blood cultures obtained during a 24-hour period will detect 89-93% of BSIs in adults, while 3 blood cultures over a 24-hour period will detect all polymicrobial BSIs, and 4 cultures will detect >99.7% of unimicrobial BSIs [3, 13] .
Knowledge about blood culture sampling rates is important for the interpretation of quality indicators such as nosocomial BSIs, however, BSI rates give valid estimates only if a sufficient number of blood cultures are taken [14] . This is however balanced against avoiding performing unwarranted blood cultures when the pretest probability of bacteremia is either low or irrelevant [15] [16] [17] . Interventions aimed at raising the standards of blood-culture-taking indications and technique within institutions would likely improve both the quality of patient care and resource use [1] .
The Tel Aviv Sourasky Medical Centre is a 1440-bed tertiary care teaching hospital in Tel Aviv, Israel which contains 9 Internal Medicine units geographically located on separate wards with patients admitted to different units in sequential order. The hospital recommendation regarding blood culture collection is that when indicated, 2 sets of aerobic blood cultures should be drawn, with anaerobic cultures reserved for cases where suspicion exists for anaerobic infection. There has however been substantial variation observed in the rate of drawing blood cultures on different wards, assumed to be largely related to individual differences in clinician practice. This study was undertaken to describe and compare the practice of blood culture sampling among inpatients in the different Internal Medicine Units at this institution over a 7 year period, with the aim of determining differences in the rates of blood culture collection and positivity among this patient group.
Methods

Data collection
Data were extracted from a hospital computerised database of prospectively collected clinical and microbiological data of adult internal medicine admissions from July 1st 2008 through June 30, 2015 . Patients under 18 years of age and those with incomplete data were excluded from the analysis. Data collected included; total number of inpatient admissions and patient days (per month and year), number of blood culture bottles collected, timing of blood culture collection, epidemiology of positive cultures, details of blood culture contaminants. The seasonality of drawing blood cultures was also investigated with an emphasis on any changes in detection of bacteremia during the influenza season of each given year.
Definitions
An episode of suspected bacteremia was defined as all blood cultures taken within 48 hours of consecutive blood cultures (i.e., any blood culture drawn ≥48 hours after previous blood cultures was considered the indicator of a new episode). We internally validated the use of this definition.
Bacteremia versus contamination: Bacteremia was defined as a recognized pathogen cultured from 1 or more blood cultures. Each positive blood culture at this institution is assessed according to an electronic algorithm based on the number of cultures positive, and the organisms cultured as true-positives, or contaminants [18] .
Bloodstream infection (BSI) was defined according to the criteria for laboratory-confirmed BSI proposed by the Centers for Disease Control and Prevention (Atlanta, GA, USA) [19] .
Community-acquired (CA) bacteremia was defined as a BSI detected at the time of hospital admission or within the 48 hours after hospital admission. Community-onset (CO) bacteremias included both CA and heath care-associated (HCA) bacteremias (HCA bacteremias were defined as a BSI detected at the time of hospital admission or within 48 hours after hospital admission in a patient with significant exposure to healthcare) [20] .
Hospital-acquired bacteremia was defined as BSI detected after hospitalization for 48 hours or longer.
Blood culture sampling rates were defined as the number of blood culture bottles taken divided by the number of patient-days at risk.
Data analysis
To define an episode of suspected bacteremia an 18-month subset of data was utilized to validate this definition. The exact times that blood cultures were drawn were analyzed as hours from admission and hours from a previous blood culture. The number of blood cultures collected per episode was analyzed, and the number of blood cultures per 1,000 patient days was calculated.
Results
Admissions: Over the 7-year period from 2008-2015, there were a total of 167,783 admissions to internal medicine. There were 377 admissions of patients under 18 years of age, and 42 admissions with incomplete data, which were excluded leaving a total of 167,364 admissions for analysis, which corresponded to a total of 823,586 hospital days.
Defining an episode of suspected bacteremia: An 18-month subset of the study period (January 2014 to June 2015), was used to examine data and define an episode of suspected bacteremia. During this period there were 33,292 admissions and a total of 35,613 blood culture bottles were collected from 13,231 patient admissions. The majority of blood cultures (72.3%) were taken within 48 hours of admission to the hospital, and the majority of consecutive blood cultures (85%) were drawn less than 48 hours apart from each other (Figure 1 ). Thus, we defined an episode of suspected bacteremia as the period from collection of the first culture until a period of 48 hours without collection of blood cultures.
Blood culture bottles and admissions:
In 59,263 patient admissions (35.4% of all admissions) 138,439 blood culture bottles were drawn. The median number of blood cultures per patient cultured was 2 (IQR 1-3). In 12,529 admissions there was at least 1 positive blood culture and blood culture positivity ranged among medical units from 6.7% to 8.3% of admissions (Table 1 ). In 6,621 patient admissions (4%) either a pathogen was grown that was considered a typical cause of bacteremia or a skin organism was isolated in more than one blood culture within 48 hours. In the remaining 5,908 patient admissions (3.5%), blood cultures grew a contaminant (Table 1 ). 
Episodes of suspected bacteremia
Over the 7 year period, among the 59,263 admissions in which blood cultures were drawn, there were overall 71,215 episodes of suspected bacteremia and 86.5 episodes of suspected bacteremia per 1,000 patient days. There was marked variation in the number of episodes per 1,000 patient days by medical ward (range 69-104.6 episodes) ( Table 2 ).
Episodes had a median duration of 1 day (IQR 1-2 days) and a median of 2 blood culture bottles were collected per episode (IQR 1-2) with a maximum of 29 bottles collected. In 19% of episodes there was a positive blood culture, ranging between medical units from 15.9% to 22.7%. 7022 episodes (9.9% of all episodes of suspected bacteremia) represented BSI, while nearly half of all positive blood cultures yielded contaminants (Table 2) .
Community-onset versus Hospital-acquired Episodes of Suspected bacteremia
55,946 episodes (78.6%) occurred during the first 48 hours of admission (referred to as community-onset). BSI was detected in 9.1% of episodes of community-onset (CO) while contaminants were detected in 8.9% of CO episodes. 15,269 episodes (21.4%) were considered hospital-acquired (HA). BSI was detected in 12.5% of episodes of hospital-onset, while contaminants were detected in 9.8% of HA episodes.
While half of HA episodes started before or on the 10th day of hospitalization, 85% of HA episodes started within the first 30 days of hospitalization (Figure 2) . The median duration of episodes of suspected bacteremia was 1 day for both CO and HA episodes. In CO episodes the median number of blood culture bottles collected was 2, while for HA episodes the median number of blood culture bottles collected was 1 (P<0.01). In 31% of CO episodes 1 blood culture bottle was collected, and in 50% of episodes 2 bottles were collected. In 50% of HA episodes 1 blood culture bottle was collected, and in 34% of episodes 2 bottles were collected
Single blood culture bottles
In 35% of episodes of suspected bacteremia (24,804/71,215), only a single blood culture bottle was collected (range 21-48% between different medical wards). Of these 24,804 episodes where single blood culture bottles were collected, 1306 (5.3%) represented BSI and 1653 (6.7%) isolated a contaminant. On all medical units, contaminants exceeded BSIs detected from positive single blood culture bottles (Table 3) . Single blood cultures were more prevalent in HA episodes of suspected bacteremia.
Discussion
Since their earliest application, blood cultures have been used whenever physicians suspect a clinically significant bacteremia [17] . The appropriateness of obtaining blood cultures in all patients with suspected infection should however be reevaluated because of the rate of false-positive cultures, the possibility of false-negative cultures, as well as the sometimes limited impact of a true-positive culture on clinical management [21] . In this study there was substantial variation between medical units in the number of episodes of suspected bacteremia. However, the number of BSIs and contaminants detected varied little between medical units, suggesting that the difference in the number of episodes is based on clinician dependent or unit-specific blood culture sampling practices. We also detected both a high rate of negative and false-positive blood culture results among this medical cohort. It is known that there is a low rate of clinically significant truepositive (pathogenic) culture results for common medical inpatient diagnoses such as pneumonia and skin infection [22] . This indicates that the clinical syndrome of the patient should be a defining factor in influencing whether or not blood cultures should be collected [22] .
Much research has been undertaken to better determine when clinicians should order blood cultures in different settings. Leibovici and colleagues created a model based on clinical variables associated with bacteremia, which may improve the clinical diagnosis of patients likely to be bacteremic [23] . Other prediction rules based on clinical features and laboratory abnormalities have been found to be predictive of bacteremia, and could reduce the inappropriate use of blood cultures by approximately 27% [21, 24] . It has been suggested that blood cultures should not be ordered for adult patients with isolated fever or leukocytosis without considering the pretest probability [25] . The pretest probability is in turn influenced by the clinical syndrome; where conditions such as cellulitis have a low pretest probability of BSI, and bacterial meningitis would have a high pretest probability of BSI [25] .
Contemporary clinical medicine utilizes hospital BSI rates as a key performance indicator. However, reporting observed BSI rates as a quality indicator without sufficiently high blood culture rates might be misleading [14] . From a technical perspective, there is a range in which blood culture rates may be too low for detecting most cases, meaning that a substantial fraction of BSI cases might remain undetected.
In this study of over 160,000 admissions and over 800,000 patient days, we found that in approximately 35% of internal medicine admissions, blood cultures were drawn which is equivalent to a rate of 168 blood cultures per 1,000 patient-days. Sampling of about 100 to 200 blood culture sets per 1,000 patient-days is recommended as the target range for blood culture rates [26] . However, the empirical justification of this recommendation is not clear. Karch and colleagues studied the blood culture target threshold in 233 German intensive care units [14] . They found that below 80 to 90 blood culture sets per 1,000 patient-days, observed BSI rates increased with increasing blood culture rates, while there was no further increase above this threshold. They located the threshold at 87 blood culture sets (95% confidence interval, 54 to 120) per 1,000 patient-days [14] . The applicability of this threshold for internal medicine patients who are not in intensive care and who have a lower probability of BSI is not known. We suggest that another and perhaps better marker of blood culture sampling may be to analyze the percentage positivity of blood cultures collected, instead of utilizing cultures per patient days. This approach may be easier for microbiology laboratories to utilize and can provide details about contamination rates. In this study, we found that those wards with the lowest blood culture sampling (125 blood culture bottles per 1,000 patient days) detected both less true BSIs and less contaminants. In contrast, wards with the highest blood culture sampling rate (229 blood culture bottles per 1,000 patient days) detected both more BSIs and more contaminants.
In this study, we also found that while only a single aerobic blood culture was collected in 35% of episodes of suspected bacteremia, up to 29 blood culture bottles were collected in some cases. The practice of collecting a single blood culture is contrary to recommendations of collecting 2 to 3 or more blood cultures in cases of suspected bacteremia [12, 13] . Although single blood cultures have been shown to detect 91% of BSI episodes [4] , they are insufficiently sensitive for detecting some bacteremias and fungemias and they are difficult to interpret [27] . For these reasons, single blood cultures should be discouraged, if not forbidden altogether [17] . It appears that the practice of collecting a single blood culture bottle is widespread in this institution particularly among patients with nosocomial BSI, and the contamination rate among these single blood cultures is high. Unfortunately, changing practices within an institution is difficult as it is likely that clinician practices may be well entrenched from past experiences, and guidelines may have a limited effect on changing physician behavior [28] .
In 1996, Weinbaum referred to the contaminant blood culture as a defective product which is associated with increased length of stay, inappropriate administration of antibiotics, and use of further testing, resulting in more than 50% greater total hospital charges [7, 29] . According to the American Society of Microbiology, the rate of blood culture contamination should not exceed 3% [30] . In this study, in nearly 6000 admissions, blood cultures drawn were assessed as contaminants (3.5% of admissions), which was very similar to the rate of true BSI detected. Interventions targeting both blood culture collection technique and also potentially consideration of dedicated phlebotomists may be appropriate in our setting.
There are limitations to this study. We reviewed blood culture sampling rates, but did not review the individual patient medical records, which would have provided some insight into appropriateness of indications for collecting blood cultures in these cases. We only analyzed aerobic blood culture bottles in this study as the yield from anaerobic cultures is low, and most medical patients do not have anaerobic cultures drawn. It is possible that inclusion of anaerobic cultures may have altered the results. Moreover, we did not address the volume of blood collected in blood cultures, although we acknowledge that this is important in influencing contamination rates [17] . Finally, a description of patient characteristics, the microbiology of blood cultures and patient outcomes is beyond the scope of this study and is studied separately.
Nonetheless, we have ascertained that the hospital practice of blood culture sampling among internal medicine patients does vary predominantly by ward (and therefore likely by clinician practice), that single blood cultures are frequently collected, and that nearly half of all positive cultures are due to contaminants.
Conclusions
In this study of medical inpatients, the overall blood culture sampling rate was highly variable between wards ranging between 125-229.9 blood cultures per 1,000 patient days (mean 168.1 per 1,000 patient days) with BSI detected in 4% of admissions, and contaminants detected in 3.5% of admissions. Of concern, single blood cultures are frequently collected during episodes of suspected bacteremia. Decision rules and guidelines may be helpful in educating clinicians about identifying patients who do or do not need blood cultures and how many cultures to collect.
